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FEDERAL SPECIFICATION

L SCOPE

PLWTIC SHEET, ROD AND TUBE, LAMINATED,
THERMOSETTING

Tkie ~ct~ication wae approved by theCommiatier, Fa&ral Supply Serv.
ice, General Servicc~ A dminiarution, for th we of all Federa/ ageruim.

AND CLASSIFICATION 1.2 Cksifiation. ‘

This specification covers lami- 1.2.1 Types, gradeu, and forms. Lami-1.1 Scope.
nated thermosetting materials consisting ntited thermoset ting materials covered by
of two or more plies or layers of sheet fil}- this specification shall be of the following
ers bonded by a thermosetting type of syn- types, grades, and forms, as specified in the
thetic ~esin. contract or purchase order (see 6.2):

TABLE 1. Types, gradc~, and forms of lamivated thermosetting mutmiab
——— .

T)lpe{—cdlld08e paper-l)aae

Grade ‘ ‘IL-P- grmlc
oesignationi

F
.—”—
i79. type PBM—

XP

XPC

xx

XXP

XXXP

XXXPC

ES-1

EM

ES-3

(tubes)

-

3115, type Pm
(sheets)

79, typt PBQ
(tubes)

-

9115, tYW PBE
(sheeti)

79, type PBE
(rod and tubes)

$11s, type PBE-P
(sheets)

3116, typePB&P
(ahaets)

78, type NDP
(shspte)

S&
78, m NDP

( ts)
78. type NDP

(sheets)

Form

~heet.s, rolled round tubes,
square and rectangular
molded tubes.

6heets only.

Sbee@ only,

Sheets, rolled tubes: molded
round, square and ractangu.
lar tubas; molded round
rods.

Sheets Ody.

Sheets, mol&d round tubas,
mo)ded round rods, rolled
round tubes. molded qusre
●nd nctangulu tubes.

Sheets oniy.

Sheets Ody.

Shmta only.

Sheets only.

Sheets only.

Ciiarrxteristiw

Phenolic binder. Mechanical

Phenolic binder. Mechanial: hot pun&-
ing stock.

Phenoiic binder. Mechanial: cold pnnch-
ing and cold shearing stock.

Phenolic binder. Electrical and m-
chankaL

PhenoIic binder. Electrical ●nd mec-
hanical; hot punching stock

Phenolic binder. Electrical and high
humidity.

Phenolic binder. Electrical●nd high
humidity; hot punching stock.

Pbenolie binder. Electrical and l@
humidity; cold punching stock

Mecbanicd; engraving stock.

Mechanical; engraving stock,

Mecbankd; engraving sbck
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TABLE1. T~e8, grades, atid forms of laminated thmosetting ntattils (cent’d)
I’wpe/-Ceiiu!one pupiw-baae (cunt’d)

I MILP- -de
I

characteristicsForm

Sheets 0d%

Grade deshrnationl
pheno]ic binder. Modified to be self-“—

-FR-2

FR3

extinguishing after source of ignition
has been removed. Electrical and high
humidity; cold puncMng Etock$~~~r
* XXXPC.

Epoxy resin binder. Higher flexuraI
strength than XXXPC. Formulated to

sheets onlY~22324, type PEE

Ibe self-cxtinwishing after source of
ignition has been removed. Electrical
and high humidity.

~11-Ceiiuiose fabric-baae
8 ,

MIL-P- grade
Grade designation~

— fio35, type FBuc
(sheets)

79, type FBM
(tubes)

CE 15035, typeFBG
(sheets)

79, type FBG
(rods and tub)

L 1s03s, type FBI
(sheets)

Form

Sheets, rolled round tubes,
molded round rock

maracterhties

Pbenolic binder. Mechadd; structur~

ISheets; molded round, square, Phenoljcbinder. Mechanid and elec-
and rectangular tubes, tri~.

molded round rods.

I ISheeb: molded round~SWa~S p):n:]~obinder=‘aanld; ‘in’ ‘-
.

and rectangular tubes ; -

molded round rods. {

I
Sheets, rolled round tubss; Phenol!cbind-. MYhanical and. elec--

I molded round, WWS, and trical; fine machUWW, d Imstura

i

‘dLE 15035,type FBE
(sheets)

79, type FBE
rods and tuk

Mc

I
—...
reetangdar tubes; molded 1 retistin-

1round rods.
Sheets, *.

I
Melamine binder. Alkxd and arc re-

sistance.
I I

T~ 111—Asbestw-k8;

I

MIL.P- grade

I

Form I
Characteristics

Grade designation
——

— 8059A
Shee~ rolled round and Phenolic binder. A%beatospaper-base.
molded and round, square, Heat resistank

‘1 I

and rectanguhr tube8.

8059
I

Sheets; molded round, sware, Phenolic binder” As= fabric-bin
and rectangdar tubes= Mechanical and heat rewstank

Tmw IV4’law-b-e

characteristics
—-.

Form

sheets ody.

Sheetsand rolled round
tubes, molded rock

Sheets, rolled round tubes,
moided round rods.

MIL-P- gratia
designation~rade

phenolic binder. Staple-f iber-type glass
-

15037, type GMG
(sheets)

79, type CMG
(rods and tuk)

997

cloth: electrical andheat-re8is@nt
phenolic binder. Continuous filamenk
type glass cloth; general purpOSS.

Continuous-f ilamentityp glass cloth,

melamine binder: general purp~
Good arc and flame resistance. Hard-
est grade

Staple-f iber-type glass cloth: sikrne
resin binder. Good bond strength, heat
and arc reskance, low dielectric 10SSSS
and high insulation resistance under
humid condition.

c-s

G-5

Sheets OdY.G-6

J
u’
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TABLE1. Types, grades, and forms of laminated thermosetting nuzteriak (cent’#)
TVpe i V—Glaa8-ba$~ lcont-u )

ML-P- grade
Grade designation

G-7 K17,type GSG
(sheets)

G-10

G-n

GPO-1

GPO-Z

.8177,~ GEE

18177, type GEB

-

Form

Sheeta and rolled round
tube&

Sheets, rolled rotmd tubes,
molded round rods

Sheets, rolled round tubes,
molded round roti

Sheets only.

Sheets Ody.

Characteristics

Continuous-filament-type glass c16K,
silicone resin binder. Good mechanical
strength, heat and arc resistance: low
dielectric losses and high insulation re-
sistance under humid conditions.

Continuous-filament-type glass cloth;
epoxy resin binder. Extremely high
mecbanicaI stnngth. Good dielectric
losses underdry and humid conditions.

Continuous-filament-type glass cloth;
heatresistant epoxy resin binder. Gen-
eral purpose. High flexura) strength
at high temperatures.

Random laid glass fiber mats, polyester
resin binder and suitab)e fillers. Gen-
eral purpose mechanical and ●lectrical

Random laid glass fiber mats, polyester

I resin binder and suitable fillers. Low
flammability and self-extinguishing.

Tune V—Nfflon-&ase-.
MlL-P- grade

Grade designation~ Form Characteristics

N-1 15047, type NPG Sheets Ody. Nylon cloth-base, phenolic resin binder.
(sheets)

I

Exceiient electrical properties under
high humidity, good impact.

Type VI—Celiuloae wood-vaneer-baae (Conaprcg.)

Grade
MIL-P- grade

designation~ Form Characteristic

w-1 Sheeta, rods. Wood veneer base, parallel grain lamina-
tion, phenolic resin binder. Electrical
and mechanical.

w-2 - Sheets. Wood veneer base, cross banded grain
lamination, phenolic binder. Electrical
and mechanical.

1 ML-P- designations are given for reference on]y; there may be a difference between the ML-P- grade
and the Federal grade but in moat caaes they are identicaL

I
1

I

I

1.2.2 Finishes and colors. Laminated tMr- (=e 6.4) and colors (see 6.5), as specified
mosetting materials covered by this speci- in the contract or purchase order (see 6.2).
fication shti be of the following finishes
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Type ‘

r

XI

III

Iv

v
m

TABLEIL Finishes and colom of iamimtti th-ofietting Wattiu

Gmde

K
KP

KPc

xx
XXP
xxx
XXXP
XXICPC
ES-t

ES-2

ES-3

FR-2
FR-2

;E
L
LE
Mc
A

AA
G-2
G-3
G-S
G-6
G-7
G-10
G-11
GPO-I
GPO-Z
N-I
w-1

Finishes

— Sheets

hmigloes or ddl\

iemiglou or polished
}emigkwa or duO
iemigloaa or polished
;emigbss or duii
Semigloee or duU
Duli or polished

Dullor polished

Dullor polished

Semigloss or dull
Semigloss or dull
~emiglosa
5emighes or poliahei
Semigloss
Semigloss or poiia~
Semigloss
Semigloss

semigloss
semigloss
Semigloss
semigloss
Semigioss
semigklaa
Semigloos
Semighs
Ssmighlss
Semigkms
Semigloaa
Unvarnishe&Var-
nished edges only,
MO= oil fin
iah Oratmdml air
drying slectrkal
vsrnish

Ummnished, var-
nishededgaeoni?,
tianaformeroil fin
ish, standard●ir
drying electrical
varnish

Tubes and rods

round or buffedl

Iround or buffed
-

hwund or buffed‘

hand or buffd
;round or buffeda
;round or buffcdz
hmnd or buffed

iemiglossor grount

krrdghas or grod
-

;roundl
;rounda

-
hand
:round

—
Ground or buffed,@
transformeroil fb
iah, standardair
drying ektrical
Vax’aish

. colors
Sheets

iatural or black
iatuml, black or
chocolate
?atural, black or
chocolate
~atural or black
Wurai or biack
$atural or black
4atural
Qstursd
31ack or gray sur-
faces white coreQ
Black or gray sur-
face, white Subeorel
black core4

White or gray sur-
faces black core~

‘Uatural
~atural
4atural or black
Natural or black
Uatural or black
Naturai or black
gatural
Natural or gmy-blacl

Natural
Natuml
Natuml
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Naturals

Natur@

I’ubesand rods~
atural or bhcld

Iatural or black

Iatural or blacks

latural or blsck~
~atural or black~
latural or blackz
iaturai or W&

?atural or gray-
black
tatural

-
Catnrall
Wurals

-
Uaturd
WUral

-

NatnraP

-

1 in rolkd round tubes only.
2 In mol&d round tribes and moldedround?o& ott]~.
BIn ~l~ed ~und tubu and moided round ?ods onlY.
t The ~lo~ •pp~~~e to -S ES-I, ES-2 Or ~ 8hd b 8S fo~tis

color Match atandavd color ch+p
white 3787s of Fed. Std. I%. 696

4
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I

Light grey Ciass II of MILE-15090 lkfilita~ Specification:
Black 27038 of Fed. Std. No. 595

~ Natural Co]orof the impregnatedwoodveneer ~d. MILE-1509&Enamel, Equipment,
s lrI round rode OdY. Light-Gray (Formula No. 11).

2, APPLICABLE SPECIFICATIONS
AND STANDARDS

MI~L10547-Liners, Case And Sheet
Overwmp; Water-VaporProof or w=
terproof, Fiexible.

lowing specifications and standards, of the
issms in effect on date of invitation for bids MILSTD-105-Sampling Procedures

or request for proposal, form a part of this and Tables For Inspection By Attri-

specification to the extent specified herein: butes.
MIXATIL129-Marking For Shipment

Fedcd Specifications: and Storage.
●

UU-P-268=Paper, Kraft, Untreate& (Copies of Military Specifications and Standards

Wrapping. required by contractors in connection with specific

PPP-B-601—Boxes, Wood, Cleated-PIY-
procurement functions should be obtained fromthe
procuring activity or as directed by tbe contracting

wood. officer.)
PPP-B-63&Box, Fiberboard. 3. REQUIREMENTS

Federal Standarde:

Fed. Std. No. 102—Preservation, Pack-

w?
t~ ifig, md Packing Levels

F - . Ski. NW M--?ihking for Dcmes-
tic Shipment (Civilian Agencies).

Fed. Test Method Std. No. 406-Ph*
tics: Methods of Testing.

Fed. Std. No. 595-Colors.

(Activitiesoutsidethe FederalGovernmentmay
obtain copies of Federal Specifications, Standard%
and Handbooks as outlined under General informa-
tion in the Index of Federal Specifications and
Standards ●nd at the pricesindicatedin the Ind=
The Index, which includes cumulative monthly sup-
plements as issued, is for sale on a subscription
basis by the Superintendent of Documents, U. S.
Government Printing Offi~ Washington, D. C.
20402

(Single copies of this specification and other
product specifications required by activities outside
the Federal Government for bidding purposes ●re
●vailable without charge ●t the General Services
Administration Re@onal Offices in Boston, New
York,W ●shingtan, D. C. Atlanta, Chicam Kansu
City, Mo.. Dallss, Denver, San I%ancisco,Los
Ange)es, ●nd Seattle, Wash.

(Federal Government activities msy obtaincopies
of FederaI Specifications, Standards, and Hand-
books ●nd the index of Federal Specifications ●nd
Standards from established distribution points in
their agencies.)

3.1 Material. The laminated sheets, rod%
and tubes shall be made of two or more
plies or iayers of sheet fillers bonded W
gether by a thernmsetting resil] such as
phenoiic, rneiamine, siiicone, epuxy or @Y-
ester, with or without the addition of dyea
and pigments. Sheet fillers shall be cellu-
lose paper or fabric, asbestos paper or fab-
riq glass fabric or glass fiber mat, nylon
fabri~ or wood veneer.

3.2 Dlmensicms. The size, sham and
nominal thickness or diameter of the
sheets, rodq and tubes shall be as speci-
fied in the contract or purchase order (see
6.2).

3.2.1 Sheet8.

3.2.1.1 Length and width. Unless other-
wise specified in the contract or purchase
order, the manufacturer’s standard sizes be-
tween 86 and 50 inches in width and be-
tween 36 and 96 inches in length wiU be
acceptable. The length and width of sheets
may vary 1 inch over or under the manu-
facturer’s standard size. When smaller-size
sheets are cut from standard-size sheets, the
tolerances on the specified length or width
shall be as specified in table IU.

6
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TABLE HI. Tolerances on length an i width
of piece8 cut

Nominal
thickness

I~ch
0.010 to 1/4,

inclusive . . . . . .
17/64 to 1/2,

,incluswe . . . . . .
33/64 to 1,
inclusive . . . . . .

1-1/16 to 1-1/2,
inclusive . . . . . .

1-33/64 to 2,
tnc]usive .*...,

rom standard- 8hcets——
fi~rances on length cr widthl. ..—

Length or width, mch

6 and
under

~ncx

O*O1O

.012

.01s

.018

m2

Chcr G

I
tlpt&’ ::;

24 “
— — .
& Inch * ]n&

0.015 1,B2

.017 732

.020 1/32

.030

I

l/ltJ

.040 ! l/16

)6 and
over

~ Inch

l/16

l/16

1/16

1/8

1/8

dues given in the Aovetabh’for eachh@b
or width, andthiti=.

z“Ltp to” means “up to but not includiu.”

3.3.1.2 Thickness. Sheets shall be fur-
nished in the nominal thicknesses shown in
table IV within the limits shown in table
V, as specified. The tolerances on thickness
shall be as specified in table IV. At hat 90
percent of the area of the sheet shall be
within the tolerances prescribed in table
W, and at no point shall the thickness as
measured vary from the standard thickness “
by a value greater than 125 percent of the
specified tolerance.

— .-
1 For grade N-1, the tolerances rhall be double the

-- —

TABLEIV. Standard thickness und to?ernnces on thickx%?8of 8heet8
Tolerances

stand-
ard

thick-
ness

~
0.010

.016

.Jpo

.()~~
1/32
8/64
1/16
8/32
1/8
6/32
8/16
7/32
1/4
6/16
8/8
7/16
1/2
6/8
8/4
7/8

1
1-1/8
1-1/4
1-3/8
1-1/2
1-6/3
1-3/4

6

rades
Pc, x,
.P, xx,
xYiP,
xxx,
-CXXP,
FR-2,
FR-3,
XXPC

Z%X
0.002
.0025
.003
.0036
.0036
.0045
005
.007
.008
.009
.010
.011
.012
.014s
.017
.019
.021
.024
JQ7

.030

.033

.035

.037

.039

.041

.043

.045

Grade
c

= Inch

—
.00G6
.0076
.0076
.009
.010
.011
.0125
.014
.030
B35
.040
.044
.048
.053
.058
.0C2
.065
.069
.073
.077
.081
.085
.089

Crados
E~.1,

ES-2,
ES-3,

CE,A,
MC

~ Inch

.00s

.00G5
.0075
.0075
.009
.010
.011
.0125
.014
.015
.0176
.020
.022
.024
.027
.029
.031
.033
.035
.037
.039
.041
.043
.04s

Grade
L

S)!
0.003
.0035
.004
.0046
.005
.0055
.006
.007
.008
.009
.010
.011
.024
.029
.034
.038
.042
.048
.054
,060
.065
.069
.073
.077
.081
,085
.089

Grade
LE

~ ]noh

.0035

.004

.0045

.005

.0055

.006

.007

.008

.009

.010

.011
.012
.0145
.017
●019
.021
●o~4

.027

.030

.033

.035

.037

.039

.041

.043
.045

Grade

r&

—

.018

.018

.020
-

.024

.028

.034
.038
.044
.048
.068
.068
.076
.086
-

.106
-

.124
—

.144

Grades
G-2,
G-6

.008

.010

.010

.012

.012

.015

.019

.o~l
J)Z2

.026

.030

.033

.036

.040

.043

.04G

.049

.053

.055

.058

.061

.064

.067

Grades
G-3,
G-5,
G-7,

G-1o,
c-xl

m
).002
J03
.004
.005
.0065
.0075
.0075
.009
.012
.016
..019
.021
.022
426
.030
.033
.036
.040
.043
.046
.049
.053
.055
.058
.061
.064
.067

Grade
N-1

m.
).003
.0035
.004
.0045
.0066
.007s
.0075
.009
.010
.Oxl
.0125
.014
.015
.024
.032
0040
.048
.054
.058
.062
.060

-
-

Grades
w-l,
w-2

TEh*

.020

.020
J)qo
.020
.Jy)o

.020
,Jy)o

.020

.()~o

.030

.0s3

.035

.037
.039
.041
.043
.045

Mades
3P0-1
;Po-z

T&

-

—

.0075

.0090

.0100

.0110

.0125

.0140
●0150”
.0176
.020
.022
.024
.027
.028
.031
.033
.036
.037
.039
.041
.043
.046

‘d

w’ ‘
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TABLE IV. Standard thickness and tol :rance8 on thickne88 of aheetu (cent’d)!

TZerances

I

u’
1

Stand-
ard

thick-
neaa

x
1-7/8
2

2-1/4
2-1/2
2-3/4
a
S-l/’z
4
4-1/2
6
5-1/2
6
6-lfl
7
7-lfl
8
8-1/2
9
9-1/2.
10

Grades I
{PC. x,
W. xx,
XXP,
xxx,
XXXP,
FR-2,
FR-3,

XXXPC
* inch

.047

.049

-

—
—

—
—

Grade
c

* !ncJg
.093
.097

.105

.113

.121
.130
.146
.162
.179
.190
,210
.230
.240
S60
280
.290
.310
~~o
.340
.960

Grades
Es-1,
ES-2,
ES-3,
CE.A,

Mc

& Inch
.047
.049

—

Grade
L

*,
.093
.09’

.-

+

-
—

-
-

—
—

Grade
LE

~h
.047
.043

-
-

—

-
-

Grade

~
-

.100

-

-

:radu
G-2,
G-6

xh
.070
473

-

-
-

;radea
G-3,
G-6,
G-7,
G-10,
G-II

~~
.070
.073

Grade
G-6

only
.079
.0s5
.090
.097
.11o
—

Grade
N-I

* fncb
—

-

-
-

-
-
-
-

;radee
w-l,
w-2

& lWA
.047
.049

.060

.060

.060

.060

.060

.nfio

.000

.060

.060
JGO
—

——

7,
i



L-P-509a

TABLE V. Thickmes8 limit8 of iuminated
thennosetting sheets

I

Type

I I

lx

In

Iv

v

VI

x

XP
x PC
xx
XXP
xxx
XXXP
xxliPc
ES-1
ES-2
ES-8
FR-2
FR-3
c
CE
L
LE
MC
A
AA
G-2
G-3
G-5
G-o
G-7
G-10
(All
GPO-1
GPO-2
?4-1
w-l
w-2

Thickneee
Minimum
—..—

Inch
0.010
.010
1/32

0.010
.015
.015
0015
0010
8/04

0.085
s/64
l/g~
lfl~

1/32
1/32

0.010
.015
1/16
.025
1/16
1/32

0.010
410
2/1s

1 0.010
410
410
1/16
1/16
0010
3/16
8/16

Ibfli-i-
-iar-

2
1/4
1/4

2
1/4

z
1/4
1/4
1/4
1/4
1/4
1/4
1/4

10
2
2
2
2-l,t2
2
2
2
2
3-1/2
0m
2
1
1
2
2
1
6
6

3.2.1.2.1 Engraving stock sheets shall be
furnished within the thickness limits shown
in table VI, as specified in the contract orI

I purchase order.
I

I TABLEVL Thickness limit8 of component
\ part8 of engram”ng 8tock 8hCet8

Grade

Es-1

ES-2
ES-3

Thicknees
Surfats’ white sub-core

Mini-
1

Maxi- — ‘M=Mini-
mum mum mum mum

—Ixr -ia- ‘-mi— mir
0.0025 0.008 — —
•o(J~5 .008 0.020 0.035
.006 .015 — —

3-2.2 Tubes.

392.2.1Round tubee.

3.2.2.1.1 Length. Tubes are available in
lengths which vary from 18 to 24 inches in
smail outside diamete~ from 30 to 48
inches in large diameters, znd in long-
er lengths for a number of diameters of
certain grades. The length of rolled or
molded tubes may vary within * 1 inch from
the standard length unless otherwise spec-
if ied in the contract or purchase order.
When tubes cut to definite lengths are spec-
ified, the tolerances on length shall be as
shown in table VII.

TABLEVII. Tolerances on cut lengths of

Length

—Ir
8 and under
Over 3 to 6,
inchmive

Over 6 to 12,
inclusive

Over 12 @
48, inclusive

tube8

Tolerance
2/16 to 2 , Over 2 to 4

I
Over 4

inches 0S., ~inches O.D., inches
{nclusive inclusive O.D.—.
* Inch & Inch A Jnch
08010 0.010 00030

410 .oi5

@ls .020

.030 ; .030 Ji50

3.22.1.2 Diameter and waU thickness.

3.2.2.1.2.1 Standard sizes. The standard
inside and outside diameters and wall thick-
~esses shall be as shown in table VIII.
Tubes shall be ordered by specifying the
nominal inside and outside diameters.

32.2.1.2.2 ToIerance8 on diameter. The
tolerances on inside and outside diameters
of round rolled and molded tubes shall be
as shown in table IX
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TABLEIX: Tolerances on diameter of

Nominal inside
and outside

diameters

huh
1/8 to 23/32,
inclusive . . . . .

S/4 to 1-1S/16,
tnclusive . . . . .

8 to 4, inclusive
Rolled only:

4-1/8 to 12,
inclusive . . . .

12-1/2 to 18,
inclusive . . . .

18-1/2 to 24,
inclusive . . . .

24-1/2 to 48,
inclusive . . . .

round tube8
Tokrances

Inside djameterl
—.

‘steel Built=
nandrel mandrel
— —. —
* lnoh * Inoh

0.003 -

.004 —
.008 -

410 —

.030 ●06@

.040 .O?w

.060 Jgoa

Outside
diameter

Ground or
buffed

:+—XT

0.005

AM6
.008

903@

.Osw

.040$

quired, phenolic tubes of that size - some-
times be made on a builbup mandrd In such
cases, this is ●ccomplished by winding s phenolic
laminated rotled tibe m at next -~er+~e
sti mandrel, curing and grinding to the de-
rnireduiae,

2 G~d@ G.S and (&7 ~~ ~ madeon steel man-
drels only.

s Tubes from 12-1/2” to 48-inchesO.D., btclusin,
must he turned to the prescribed tolerances in
outside diameter.

32%1.2.3 Tolerance8 on waU thicknma.
The tolerances on average wall thickness
Yorround tubing with inside diameter up to
4 inches shall be as shown in tables X and
XI. Wail thickness measured at any point
in any wall of any one tube of a given ti
shaIl fall within these tolerances.—. - ——

1In the atsence of a mandrel of the preciseSti-*

TABLEX. To&rances on average wall thidc?w88 of round roUed tube8 up to 4 inches

Nominalwall thiclumsd

Inch ‘—
o.oloup t&l/64 . . . . . . . . . . . . . . . .
1/64 up to 1/32 . . .6..0..00 .. 00.0

1/32 Up to 1/16 ● ., .,.**... . . . . . .
1/16 Up to 1/8 . . . . . . . ...0 .000 .00

1/8 up to 1/4 . . . . . . . . . . . ..0....

I 1/4 to 1/2, inclusive . . . . . . . . . . . . .

I G
Gmdes
x, xx, I~tiT/z

inch I.D.,
Xxxs A I inclusive I I.D. I

hide diameter
To]erancea on average wall thickness of individual tube—

‘kadeLE i G~~~--, over Grade G-3 and G-6
1/2 inch c G-7-G-11--

0.003
.006
.006
.007
.009
0011

— l—

0.010 0.008
.011 0009
413 411
.015 I .013

1-*htoh

I
0.01s
.020
.020

—.
= Inch

0.006
.008
.009
0011
.013

~N~al ‘w~ti-ickneas is 1/2 the difference between tne nurunal mmie and outwde duuneter specifie4
9 The term “up to” means“up to but not including.”

.

TABLEXL Tolerances on average wall th icknem of round mokW tubee up to 3-7/8I
inohe8 ineih diameter
Gradea~=~”=, A ~(X, AA

—. —

1/8 to 1/4 over 1/4 over
1/4 to

Nominal wall thickneasl to 1/2 inch 1/2 inch Over IninchI.D.
I.D. in-

1/2 inch
inclusive LX).

L D. in- inchI.D.
clasive elusive

Inch
—- — — —— ——

* hloh ~ inch * Inoh —

I
* Inoh * Xneh

1/32 Up t~ l/16 ., *..*.... . . . . . . 0.008 0.008 0.008 0.015 0.015
l/16to 1/8, inclusive . . . . . . . . . . . . all .011 .011 ,
Over 1/8 to 1/4, inclusive

.016 .015
.01s .020 .020. . . . . . . .

Over 1/4 to 1/2, inclusive . . . . . . . . . .018 .020

~N~~~kne~l;-if ference between the nominal inside~ti;de diameters SINXU=
2 The tirm “up b“ meanS “up to but not including.”

10
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8.2.2.z Square and rectangdar molded
tubel$.

3.2.2.2.1 Length. Square and rectangular
tubes are available in lengths which vary
from 18 to 24 inches in small outside dimen-
sions, and 30 to 48 inches in large outside
dimensions. The length of tubes may vary
within & 1 inch from the standard length
unless otherwise specified in the contract
or purchase order, When tubes cut to spe-
cific lengths are specified, the tolerances
on length shall be as shown in table XII.

TmLE XII. Tolerance on cut lengths of
squure and rectangular nwkled tubee

—— —-
Tolerances

Outside dimensions

3/16 to 2 0=2 *—4
inchee, in-

Over 4inches, in-
clusive elusive inchee

Inch * lnck * inch ~lti—
8 and under 0.010 0.010 0.030
Over S to 6,
inclusive . . .010 Jls 430

Over 6 to 12,
inciuaive . . .01s mo 0080

Over 12 to
48, inciusive 1/32 1/82 3/64

3922.2.2 LMneneions and watl thickness.

3.2.2.2.2.1 Standard 8izes. The standard
dimensions and wall thicknesses shall be
as shown in table XIII. Tubes shall be or-
dered by specifying the nominal inside and
oubide dimensions.

3X.22.2,2. Tokrances on cihn.ensioru?.The
tolerances on inside and outside dimensions
of square and rectangular molded tubes
shall be as shown in table XIV.

TABLE XIII. Standard tizes of square and rectangular mokied tubes

Grade

x
xx
xxx
CE
L
LE
A
AA

——
‘kicie dimension

Ina
——

Minimum
. ——

sn6
8/16
3/16
8/8
1/4
1/4
1/4
1/2

lea
.—
Maximum

~
8-20/82
8-20A2
8-7/8
8-29/82
8
3-7A
9-3/4

Outekiedimention I wallziz&%!i—
lnchee I Inchee

Minimum I Maximum I Minimum I Ma.imurn
—.

9/32
9/32
9/S2
1/2

11/32
Il,a2
11./32
8/4

— -- —
4
4
4
4
4
4
4
4

—s764—
8/64
3 /64

1/16
3/64
8/64
1/16
1/8

—IT
1/2
1/2
1/2
1/2
1/2
1/2
112

TABLE~1’V. Tolerance8 on dintensbn$ of square and rectangukw molded tubes—. —— -
I Phla or railma I I ZToleranee, outside

tolernnoel dimension
Noqpinal inai& inch Nominal outside

Ciimenaion dimension Gra(ie8 X,
inahi9dimension Xxp xxx, Gradea

all gradee A, L, LE CE, AA
—.

Inahes * hmhlz— inohee * Incha8 & Inehe$ -
8/16 to 16/82 hcL 0.006 9/32 to 16/82 incl.

I

0.010 0.017

1/2tO 81/32 ind. 1 00006 1/2 to 81/32 incl. 04)12 0.020
1 to 1-16/16 incl. 0.007 1 to 1-1S/16 hl. 0.014 0.022
2 to 4Pincl. 0.010 2 to S incio 0.017 0.025

1 Theeetolerance apply to tubee having ● uniform nomin~ wall thic~e= k which ‘he two ~ea W-
pendicuiar to the length are equal or have a ratio one to the other not exceeding 4 to 1. The tole-
aneea shall correspond to the ●ppropriate inside or outside dimensions. For example, for a rec-
tangular tube having s nominalinairk dimensionof 1/4 inch x 1 inch the ml=an- for the l!4-i~
dimensionwill be plus or minus 0.005 inch and plm or minus 0.007 inch for the l-inch dmemdom

U

I

t
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TABLEXV. Tolerances on average wall thickness of 8guare and rectangukzr molded
tubes

i Inside dimension

Average wall thickness Grades X, XX, XXX, A, L, LE Grade CE
for a single tube, 3/16 to 1/4

I
1/4 to 1,4 I Over 1/2 Over 3/8

inches Inch, incl. Inch, incl. Inch Inch

Grade AA

Over 1/2
Inch

3/64 Up ti 1/16
—. —. —

. . . . . . . . . 0.008 — 0.008 0.010
l/16 upto l/8 . . . . . . . . . . . . 0.011 0.010 O.ola I

I
0.016

l/8upto l/4 . . . . . . . . . . . . . 0.016 0.014 0.016 0.020
l/4upto l/2 . . ..e. *...... — 0.018 0.020 O.ozs

1Wad thicknesses, measured at any point in any WA of ~y one tube of a given sise, must fdl within
the tolerances given. This provides a means for rneasuri~ both the tulerence in wall thickness

, and the deviation from parallelism. For rectanguhr tubes, the tolerances Sbll apply to the maximum
inside dimensiom

ZThe t,e~ ‘up to” means “up to but not Whdh%”

3.2.2.2.2.3 Tolerance8 on wau thickne88.
The tolerances on average wall thickness
for square and rectangular molded tubes

shall be as shown in table XV. Wall thickness
measured at any point in any wall of any
one tube of a given size shall fall within
these tolerances.

3.2.3 Rod4.

3.2.3.1 Length. Molded rods or machined
grade W-I rods are available in standard
lengths which vary from 18 to 48 inches
for small diameter% and from 30 to 48 inch-
es for large diameters. The length of mold-
ed rods or machined grade W-1 rods may
vary within & 1 inch from the standard
length, unless otherwise specified in the con-
tract or purchase order. When molded rods
or machined grade W-1 rods cut to definite
lengths are specified, the tolerances on the
specified length shall be as shown in table
XVI.

TABLEXVI, Tolerances on cut lengths of
molded 1 To&

Length

~ti—
0 to S, inclusive
Over S to 6,

inciusive . . . . . .
Over (! to 12,
inclusive . . . . . .

Over 12 . . . . . . .

Tolerances

1/8 b 1-16/16-
inches inclusive,

in diameter
——. —

* 16
0.010

410

.016

.030
——.
~W-1 grade rods may be msch~

‘2t04
inches inclusive,

in diameter
* Int’kl

0.010

.01s

.020
●030

Lb the prop?
diameter from laminated W-1 sheets.

0.026
0.030
0.080

3.2.3.2 IXanteter. Molded rods or ma-
chined grade W-1 rods are available in di-
ameters ranging from l/8-inch minimum to
2 inches maximum for grades XX and XXX,
l/4.inch minimum to 4 inches maximum for
grades C and CE, 3/16-inch minimum to 4
inches maximum for grades L and LE, and
l/4-inch minimum to z inches maximum for
grade G-3, G-5 and G-10, and a 3/8 mini-
mum to 4 inches maximum for grade W-1.
Far grades MC em! G-U, see &3=2.Tok-
ances on a nominal diameter from 1/8 up
to 2 inches, exclusive, shall be & 0.005
inch and between 2 to 4 inches, inclusive,
shall be * 0.008 hlC~

3.3 Color. The color of the sheets, rodaj
and tubes shall be as specified in the con-
tract or purchase order (see 6.2).

3.4 Finish. The sheets, rods, and tubes
shall be furnished with a dull, semi-gloss,
polished, ground, buffed, varnished, tmns-
former oil, or stindard air drying finish, as
described in table II and as specified in the
contract or purchase order (see &2).

3.5 Uniformity. The shee~ rods, and
tubes shall be uniform in color, opacity, fin-
ish, density, and other physical properties.

3.6 Physical requirements. The sheets,
rod%or tubes shall conform to the applica-
ble physical requi*ements shown in tables
XVLI through XXVL I
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TABr.aXVII. Permissible warp w Mat of
laminated nwterialll

——

Form

Tubes and
molded rodso

Thickneesoroutside
diameteror

dimension

Inch
1/82 Up toe 1/16
1/16 Up tO 1/8
1/8 to 1/4, inclusive
Over 1/4 to 8/4,

inclusive
Over 3/4
1/8 to 1/4, inclusive
Over 1/4 to 8/4,

tnclusive
Over 8/4

‘ AS applied to warp, this percentq

Maximum
permiaeible

warp or twist
(on baeis of

86-inch
dimension) 1

—Pewent
6.0
23
I.@
0.6

0s
2.0
1.(P

0.6

5 exprasee the
lnagnitude of the depth of curvamre in relation
to a longitudinal or transwae distance of S6
inches; as applied to twis~ it expresses the
depth of curvature in relation to a distance of
86 inches along a line from any corner to the
diagonally opposite corner.

~These requirements do not apply to cut pieem but
only to sheet ties as manufactured.

~The value for grade G-7 is 1.6 pemenk
t The value for grade G1O iS 1S percent.
5These requirements do not pertain to grade MC

(see 6.3.1 and 6.32). Grade W-I rode may be
machined to the proper diameter from a grade
W-1 laminated sheet.

s The term ‘up to” means “up to but not including.”

TABLE XVII1. Punching quality 1

x
XP
XPC
xx
XXP
xxx
XXXP
XXXPC
C, L
CE
LE
A
AA
G-2
G-8, G-6, G-6, G-?
N-1

Greatmk thickness to which
punching quality requirement

applies —.

At room
When heated

temperature
(20” to 80”C.)

Inch
1/32
3/16
1/8
1/82
1/32

1/16
1/16

1/82

l/16
1/8
1/16

to 120° to
140°c. before

punching

Inoh—
8/82
1/8
1/4
3/82
1/8
1/162
8/82
1/8
8/16
8/32
8/32
1/1s
1/16s
1/8
1/8
3/16

1With simple forms and special precautions greater
thicknesses than the above can sometimes be
punche~ With poor dies, poor punching prac-
tice, or intricate parts, good results cannot be
~ in the thidmessee listed in this tabk

.
%Simple shapes, compound dies only.

~Simple shapes only.

i
I

I

I
i,
i
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TABLE XIX. Flearal tdrength ~eqa&?nent8 for 8heet8

Grad.

x
xx
xxx
XPC
?cP
XXP
XXXP
XX2CPC
ES-1
ES-2
ES-3
c
CE
L
LE
MC
A
AA
G-2
G-3
G-6
G-6
G-7
G-1o
C-11
GPO-I
GPO-2
FR-2
FR-3
N-1
w-1
w -2

r’~exural strength measured Ilatwise (concht~on A ) 1 mm] mum

12,000
14,000
12,000
12,000

17,000
17,000
15.000
15,000

18#00
18.000
66,000

-
10,OOO
55,000
55,000

-
-

12J)O0
20,000
10,000

—
—

20,000
13,000
llJ?OO

10,000
12,000
10,500
10,500

—
—

16,000
14,000
14,000
13400

—
—

14,000
16,000
45,000

Moo
4s,000
45,000

10300
16.000
$,500
—

25,000
15,000
13,500
10,000
13,000
14,000
12,000
12,000
13,500

—
~3,500°
17,000
17,000
15,000
15,000
16,000
13,000
16,000
20,000
20,000
50,000
18,000
20,000
55.000
55,000
18.000
18,000
12.000
20.000
10,000

—

*.T
22,000
14,000
11.$00
8,000

11,000
22.000
10,500
10,500
13,500

13,!ioo
16.000
14,000
14,000
13300
13.000
11,000
14,666
16,000
18,000
40,000
16,000
18,000
4s,000
45,000
18,000
18,000
10.500
16,000
9,500

‘LW–
P4.L
25,000
15,000
1%600
10,000
W)oo
14,000
12,000
12,000
1%566
1%500
13,500
17,000
17,000
15,000
15,000
16,000
13,000
16,0H
20,000
20,000
47,000
18.000
20,000
S5,000
65,000
18,000
18,000
12,000
20,000
10,000

.— I .
.—

‘ Direction of tutt ‘
“ ~.

‘iv ~ Cw I S#w cw—.—
PAS -Pz- —, parI

2%666

15,000
13$00

-cw— -mr
-Pir 7
22,000 25,000
14,000
11$00
8,000

11,000
12,000
lo.~oo
10,!WI
13,600
1s,s00
13,500
16,000
14,000
14,000
13?500
13,000
11,000
14,000
Mi,ooo
18,000
89,000
16,000
18,000
45,000
45,000
18,000
18,000
10,500
lG,000
9,500

—’—
I -

15,000
13,500
12,060
14,000
14,000
12,060
12,000
13S00
13500
13,500
17,000
17,000
1s,000
16,000
16,000
13,000
:~,$)~~

2oAmo
*0,060
44,000
Mlooo
20.000
50,000
60,000
18,000
18.000
12.000
20,W0
10,000

—
—

~w.

-Par
22,000
14,000
11,800
10,000
12,000
12.000
10$00
10J’OO
la,soo
18,500
13,500
16,000
14,000
14,000
18,600
13,000
11,000
It!,Coo
16,000
lMOO
$8,@0
16.000
18,000
40,0Q0
40#t10
18,000
18,006
1O$OO
16,000
SJOO

——
LW

-Per
26,000
15,000
18,500
12,000
14,000
14,000
12,000
12,000

18,600
13.500
17,000
17,000
15,000
1~,()()()
16.000
12,000
~g,f)~

20,000
20,000
4LOO0
17s000
18,000
60.000
60,000
18,000
18,000
12,000
20.000
9,600

82,000
18,000

---
Cw

-Pii-
22.000
S4,000
11,800
10,000
12,000
p)oo

10W
10JX)O

13,500
13,500
16,000
14,000
14,000
13,500
13,000
10,000
16,(!00
16,000
18,000
96,000
14,000
1s,000
40,000
40,000
18,000
18.000
10$00
16,000
9,000

15,000

14 ‘4 ‘
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T- XIX. Fleztmd strength requirements for Aeeti (cent’d)

I h’wxurai strength measured ihtwiee (condition A) t mmimum
Thickn~ inch~

I 1/4 Iy 1/2 I 8/4 I 1 ●nd over

Grade Direction of tests
.
Cw LW I

x
xx ,
xxx
I(PC
XP
XXP
XXXP
?KXXPC
ES-1
ES-2
ES4
c
CE
L
LE
MC
A
AA
G-2
G-8
G-6
G-6 ‘
G-7
G-10
G-11
GPO-1
GPO-2
FR-2
FR-3
N-1
w-1
w-2

Tw—
—Piz-
25400
16,000
1s300
12,000
14,000
14,000
12.000
13,500
13,500
13,500
13.500
17,000
17,000
l&(J()()
lqooo”
16.000
12,000.“ an.1I.Uvv
20,000
20,000
38,000
17,000
18,000
60,000
60,000
18.000
18,000
12,000
20.000
9,000

32.000
18,000

TTr
–P.iL—

fp)()()

14,000
11,800
10,000
12,000
12,000
10?500
lLOOO
11,500
1s,500
13,500
16,000
14,000
14,000
13$00
13,000
10,000
iWOG
16,000
18,000
84,000
14,000
15,000
40,000
40,000
18,000
18.000
10$00
16,000
8$00

16,000

‘LW—
-PA
24,000
1s,000
1s,500

—

—
—

13,500

16,000
17.000
15,000
15,000
15.000
12,000
:6.000
18,000
!?0,000
31?200
16,000
16,000
45,000
45,000
18.000
18,000

—

9,000
S2,000
18,000

‘PA.i.—
21,000
14,000
11?800

11,500

16,000
14,000
14,000
13,500
12.000
10,000
14X)(K
14,000
18,000
23.500
12,000
13,000
85,000
S5,000
18,000
18,000

8;00

15,000

—P*.L—
24.000
l&@()
1$,500

—
—
—

ls#oo

16,000
17,000
16,000
15,000
15,000
12,000
15,0M!
18,000
19,000
al#200
16,000
16,000
40,000
40,000

—

9,000
32,000
18,000

.—

—PH-
21,000
14,000
11,300

—

llJioo

16,000
14,000
14,000
13,500
12,000
10,000
13,000
14,000
1?,000
2%500
12,000
13,000
80,000
So,ooo

—

8,500

1s,000

Tw—
—Pxx-

22.000
18$00
12,000

—

12,000

14,400
1s,300
14,400
13,500
13,tmo
12.000
13,500
16,0!)0
17.000
sl~co
14,000
14,400
40,000
40,000

—
8,000

32,000
18,000

1 see 4.3.1.
~ For intermediate thickneeaea, the vahme for the next emaller thkkneas shall 8PPIY.
~LWmaanstestedin ● lengthwise direction. CW means taat8d in ● croaswbe directioA

r
—Pr
19,000
12,500
10,600

—

10,000

—
14,400
12.600
13,500
12,000
10,500
10,000
11,?!!(!
12,500
15,300
28,500
11,000
11.700
30,000
30,000

—

7$00

15,000

i

I

15
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TABLEXX. Impact and bonding 8trength
requirement for uhee~

.—

Grade

XXP
XXXP
XXXPC
Es-1
ES-2
ES-3
FR2
FR-8
c
CE
L
LE
MC
A
AA
G-2I
G-3

I G-5
I G-6

G-7
!

1
G-10
G-11

X4
XX4
XXX4
XPC
XP

I

Impact strewth
(Izod), (edgewise),

min.
Condition E-48/503
Thicknesses: 1/82

inch up to maxitnm
thiclmeas for the

grade, but not over
2 inches

L~l ml

Cta?l .-”*
F L.-m. #m tncn

of notoh
0.65

.40

.40

.60

.55

.45
35
—
.25
025
025
—
—

2.10
1.60
1.35
1.25
0.ss
0.60
3.60
4.60
6950
8
6.0
6.5
7.0
7.0
8.08
8,06
8,07
6A
8.4

GPO-1
GPO-2
N-1
w-1
w-2

0.60
.85
.86
.’55
.50
.40
.80

.22
022
022
—

1.90
1.40
1.10
1.00
0.60
0.60
3.00
8.50
6.50
6
6.0
6.5
6.5
6.5
8.(N
8.(P
2.07

6.0
1.6

Bonding strength,
lnh

Thicknesses: 1/2
inch ttp to maxim-
um for grade4

but not over
2 inchesz

condi- condi-
tion tion
All D-48/60~

— —

Pound P(nmd
700 400
800 600
960 700

—
-. —

—
— —
—
—
—

—
-

1,800 l,W
L800 1,500
1,600 1$00
1,600 1$00
1,600 1$00

700 600
1,800 l,W
1,000 800

850 700
1,570 1,400

800 700
650 550

2,000 1,600
1,600 1,500

850 800
850 800

1,000 1,000
14,000 13,000
13,000 12,000

I LW meane tested in s lengthwis direetion. CW
means tested in a eroaswiae direction.

z SPecimm.s shall be nominal 1/2 inch in thickness
or machined 0.600 & O.OO5inch from thicker
sheets. Unmatched specimens shall be within
standard toleranea for l/24nch thickness for the
grade being testi For thicker sheets, the
specimew shall be cut from the center of the
cross-section, machining ●pproximately equal
amounts from each ~

s ~~ 44J.

f hpact values are not applicabhto thi~
1/4 inch and under.

I Impact stren*9
Thickness I minimum

LW~iW—

Inch
Ft.-1b. pCT im~

of notch
‘6~1/82 up to but not includim 1/8 6.0

1/8 up b but not including 1/2 7.0 I 606
:/’2tiP toi! . *************--- t Q.~ t 6.0

7 Appliee to l/84rwh thieknaae and over.

.

I

‘d}



Q’ ‘

t
1

I

bP-609a

TABLEXXL Dielectric condant and dhsipation factor requirenmt8 for sheet8x
Condi~ Condi-

tion tiditiOli D-24/23a tion
Aa D-481

‘=hessq inch
——

6(PGralW .——. , ——- —

II
1/82 and

over 1/82
I 1~16 I vwI T I w I w i V2 ?

Dielectric constant at 1 me., maximum
—.—

xxx
XXP
XXXP
XXXPC
LE
MC
G-2
G-6
G8
G-?
G-10
G-n
GPO-1
N-1
FR-l?
FR-3
w-l
W-2

6.30 6.00
6.00 6S0
4.60 4080
4.60 430
5.80 (G)

650
(o) (;
4.50 -
4.20 4.60
(0) 5.40
(o) 5.40
4.50 —
(0) 4.20
4.60 4ao
4.60 4.80
4.50 —
4.50 —

6.90
620
4.80
4.80
(G)

6.80
(5)
6.00
4.40
6.40
6.40
—

4.00
4.80
4.80
—

6.10
5.80
630
4.80
4.80
(6)
-

6.80
(5)
4.90
4.30
5.40
5.40

4.00
4.80
4.80
—

6.00 6.00 f 6.00
6.70 5.70 5.70
620 5.20 5020
4.80 4.60 4080
4.80 4.80 4.80
6.00 6.00 6.00
—

6.80 ‘ 5.80 6.80
8.00 8.70 a70
4.80 4.80 4.80
4Q0 420 4s0
6.40 6.40 6.40
6.40 6.40 5.40
4.40 4.40 4.40
3.90 4.30 4.30
4.80 4.80 4.80
4.80

I
4.30 4.80

— —
— — —

6.00 6.00
6.70 6,70

—
—

6.00 6.00
-

6.80 —
8.90 9.20
4.80 L80
4920 4.20
5.40 6.70
S.40 6.70
4.40 4.40
4.40 4.50

—
— —
—

1/8
only

l)uwpaiGG factor at 1 me., maximum
.—

U.lwll [ 0.050 I 0.050 0.050 I 0.0500.046 0.053 -llliZ-

-

6.80
6.30
6.30

6.80
6.80

-
4.00
5.30
6.00

-
-

r
xxx
XXP
XXXP
XXXPC
LE ,
G-2
G-5
G-6
G-7
G-10
C-11
GPO-1
N-1
FR-2
F’R-3
w-1
w-2

.038

.040

.035

.036

.05s

.025

.0207

.005

.003

.025

.025

.03

.038

.085

.040

.050

.050

.048

.080

.03s

.035
(5)

(;

.070

.035

.035
—
.045
.035
.040

.047

.060

.035

.035
(5)
.100

(G)

.080

.060

.035

.035

.041

.035

.040

—

Tmi-
.046
.060
.035
.035
(5)
.090

(5)

.070

.035

.035

.035

.040
.085
.040

—

0045
.050
•J)~6

.035
.070
.080
.080
.060
.022
.035
●035
.060
.039
.036
.040

I

.044

.0s0

.035

.035
.070
.060
.080
.060
.022
.035
.03s I
.060
.039
.036
.040

I
J

.043
.o~()

.035

.086
●070
.060
.080
.000
.022
.035
.035
.060
.039
.035
.040

.043 .043
—
—

.070 .070
.080 —
.080 .080
.060 .060
.022 .022
.035 .036
.035 .035
.060 .080
.039 .039

—

—

or is the product of dissipation fa:tor and dielectric consfank

—

.010

.05

.050

-

.045

.035

.045

.060

.046
-
-

I

z No dje~~ric 10= V~u~ for gradea & XPC~ XP, ES-1, ES-2, ES-3, C, CE, L, A, AA, and G-3 am
included because these grades are not suitedto applications where low dielectric loss under radio
frequencies is required

asee 4.3.1.
t For intermediate thicknesses, the value for the next smaller thickness shall apply.
B Disdpation factor and dielectric constant for grades LE and G-5 in thicknesses below 1/8 inch show

too great a change from condition A to be measured aatisfa~rily with usual laboratory equipmenk

.
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TABLEXXL Dielectric

@Dielectricconstantvalues for

Grad.

G-6
G-lo
G-II
N-1
.——
? For grade [

constantand dis8 ipation factor requivementa for aheetd
(cent’d)

grades G-6, G-10, Gil, and N-1, condition A us aa follows:

Dielectric constant at 1 me., maxtmum (m-ndition A)
l’h ckncad inch

1/32 to 1/8, Over 1~8 to 1/4, Over 1/4 to 1/2, over 1/2 to L
inclusive hwlusive inclusive inclusive I Over 1

7.80— 8.00 8.60— — 8.70 8.00
6.20 6020

I
5.20

I
6050 -

6.20 6.20 5.ZO 6.50 I
s.fJ()

I 4.20 I 420 I 4.40 I
6 in thicknesses ov~d, the valm snau ‘be u.025. ,

TABLE X?KII. ~electric breakdown and arc reeidance rcquirentent8 for sheete

Grade~

Dielectric breakdown parallel to laminations, step-by-step, minimum !
Arc resistance,

minimum

Condition Az I Condition D-48/502

Thickness. inch I Thickness, inch ! -em. inch lhxkn.ss, inch—.— .. .
‘1/32 to L incl.

Ku. —
40.0
60.0
40.0
69.6
60.0
15.0
35.0
15.0
40.0
20.0

5.0
80.0
23.0
32.0
32.0
95.0
35.0
60.0
60.0
60.0
65.0
65.0

Over 1 to 2, incl.
Kv.
25.0
40.0

10.0
25.0
10.0
30.0
20.0

25.0
l~co

25.0
25.0

—
60.0

60.0
60.0

. ..— .—
1/32 to 1, ix].

‘Ku.
6.0
6.0
S.o
8.0

15.0

2.6

3.0
6.0

10.0
&o

15.0
15.0
30.0
80.0
40.0
15.0
30.0

Over 1 to 2, incl.
‘K~

xx
xxx
XP
X:CP
XXXP
c
CE
L
LE
MC
A
G-2
G-5
G-6
G-7
G-lo
G-II
N-1
FR-2
FR-3
w-1
W-2

I

3.0
4.0

2.5

3.0
5.0

3.0

-
30.0
—

-

=ditionn, A
or D-481562

Thickness, inch
1/8 to 2, incl~

Sec.

-

-

100

180
180
180

1 Grades X, XPC, ES-1, ES-2, ES-3, AA, and G-3 are not primarily electrical grades; therefore,requh’e- !
ments for dielectric strength of these grades are not included. Phenolic grades have extremely low I
arc resistance; therefore requirements for arc resktince of these grades are not include& /

* see 43.1. /
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TABLEXIUV. Ph@al requiremetiti foT Yound rolled tuba

Gornpmaswe
strength
(=U

%zmcl&&ii!ii
1/16 up 1/8 ●nd—
b 1/8 over

Water daOrptiOn
(Condition E-1/106 followed by Condition D-24/23)1

wall thi~ ineht

I
Inside

G- -*
lpeeific
grm?ity

-mm=
mum
1.10

L12

1.10

1.12

L12

1.12

1.12

1.12

1.14

1.70
1.55

1.58
1.65

3/8 1/21/22
—-

10.0

84

8.0

500

U

-

8.0

7.0

8.0
1.0

1.0

9/16

8.6

1.7

L4

0.8

-

29

1.9

1.9

8.0
OB

—
0.6

.

X2

Id

1/8 to I/l
incl.

Over 1/2
to8

1/8 to I/l
incL

Over 1/2
t08

1/4 b 1/5
incl.

Over 1/2
to8

3/8 and
over

9/16 to lfi
incl.

Over 1/2
to8

1/8 to 8
3/8 to 1,

I
irlcL

lto6

MinimtfJLj pd

10,OOO 6 7.0

600

4.0

200

L5

G*O 63

4.0

2.6

%0

Lo

-

8.0

2.6

2.5

9.6
0.8

0.6

-

—-

8.0 2.4

1.0

408 2.0lqooo s

1=2xx

1.2 04206 008l&ooo s

0.610,OOO 5xxx

18000 5 - —

6.0

6.0

4.5

4.6
Lo

1.88.6 1.012,000 6c

LE 802 10618,000 5

12

22

Oa

13

9.015,000 5

89
O&

2.6
0.8

2.010,000 18,000
6,000 6

G-6
G-7

6,000 5
20,000 5

—
0.7 0.4 0.4

-
0.4 0.4

0.4

04G-10
I
1/8 to 1/!

incl.
20?000 6

TABLEXXIV. Physical vequirmuWs jor round rolled tubm (cunt’d)
Dielectric strength perpendicular to laminations,

short-time test (Condition A)l

1/32 to Over 1/18 Over 1/8
1/16,
incL I%?I %(4’ l“%i!?:l~:nm:’:

Inside
diameter

specific
gravi~Grade

&

Afinimuwt,v. pw W. ‘ 1
Inch

1/8 to 1/2, incL
Over 1/2
lx to 1/2, id.
Over 1/2
1/4 to 1/2, id
Over 1/2
8@ ●nd over
8/16 to 1/2, inel.
Over 1/2
1/8 and over
3/8 to I, incL
1 and over
1/8 to 1/2, M.

ilfinimtcm

1.10
1.12
1.10
1.12
1.12
1.12
1.12
1.12
1.14
1.70
135
L68
1.66

290 I 200
290 200
280 200
280 200
260 260

170 120
170 120
160 110
100 12s
—
250 200l–

l—

146
146
14s
145

85
85
80

11s

160

220
120
120
120

‘—
70
70
65

110

-

Xs

xx

c
LE

G5
G-7

GIO

400
400
400
400

—

-
106
106

—
80

‘\

60
66

I

1*
16(P
225
-

850
~1/2 and over

—.
1 See 4.3.L

I 1.70

ZDielectric strength of grade X decreases markedly under humid conditions.

20
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~LOW dielectric etrength in the thin wall ie due to tie small number of Iaminatione and the podi
of over-lapping of reein-filled interaticea.

4 For intermediate wall thickneaaes, the value for the next smaller thicknem shalS apply.
6 For wall thickneaeee of 1/16 inch and over.

TABLE XXV. Physical requirernenta for round molded tubw
I

— — . .
Comprw-

Specific aive
gravity utmngth

(axial)

~ Wail
thickneee, thickneaa,

inch inch
—Ail— ~z

sizes ove~—— .
Minimum Minimum

pa.i

Diektric strength
Water absorption perpendicular to lamina-

(Condition E-1/105 foiiowed by D-24/23)~ tiona (abort-time teat)
(Condition A)z

w ati thickneaa, inch
Wall thickneea, inche

.—

[~11%[~

1/32 ] 1/16 I S/82 I 1/8 13/16 I 1/4 I 1/2 I 1 1.L6 pi~fi’ l~in:[$’~mh$ ‘

Maximum, per88nt I Minimum,v.per$IdL
xx
xxx
CE
L
LE

125 18,000 “ 2*O 1.8 1.6 1.$ la

I
1.0 0.9 800 220 150 110

122 20,000 — 1.4 12 1.1 Lo 0.9 008 0.7 300 220 150 110
126 19,000 — 3.0 2.2 200 108 1.6

I I
1.21.1 (~) 175 12s 90

125 18,000 6.S 8.s 2.2 1.8 1.6 1.6 1.s 1.4 — - — —
1.26 19,000 4.6 2.2 1.8 I 1.5 1.3 L2 1.0 0.9 ,1506 176 12s 90

=tr~fih values for grade L are not inclu~ed, suwe this grade ti not manufactured primarily1 Dielec
for electrical application.

~ see 4.8*L
a ~/4-in& inside diameter ~d over.
4 No value because of weakness at mold seam.
6 Mold seam hae a more pronounced effect on l/164nch than on heavier wall thickneesea.
e For intermediate wZSY1Ll&kiieS~, ‘the val-ue for ths next ~~l&r tiJ&ne8a aha!l &pply.

TABLEXXVI. Phgsical requirements for round molded rod@
Wat4m absorption

comprea-
Bive

strength
(axial)
(Condi-

tion A) I

(Condition E-l/lOS, - followed by
D-24/23 )1 FlexUral

lkrength,~
(Condi-

tion A) 1

Specific
gravity
(Condi-

tion A)l

....—

Mini-
mum

190
125
1.28
1S6
128

126

1.80
127
1.70

=i=r, inch4Gmde Diameter
T%Fi
to 2, irk
elusive

T
mum
pe?’-
Cent
1.3
0.7s
1.6
102
102

1.1

8.6
0.76
030

1/4 1,/2

— —
JfaxL Maxi-
mum, mum,
pe?’- per-
eent =nt
1.5 1.0
1.0 0.76
2$ 2.()

13
E 1.6

1/8

M=
mum,
per-
Oent
2.6
105

~oss

—

1

Ziaz
wtum,
P=-
Oent
1.0
0.75
2.0
1.0
102

— -.
Mini-
mum,
p.s.is

15,000
1s,000
16,000
13,000
16,000

12,000

80,000
92,600
S5,00W

Minh
mum,
$)4

20,000
20,000
19,000
2(MOO
19,000

20,000

22$00
17,000
86,000

Inoh

xx

0
CE
L

1/3 to 2, irlclusivel
1/8 to 2, inclusive
1/4 to 2, inchmive
1/4 to 2, inclwive
8/16 to 2, ineluaive

LE 1.4 ~ 1.1 Lo 8/16 b 2, inclusive

u 3.0
- 1.0
0.76 0.50

G-6
w-1
G-1o

a.o
0.76
0.50

1/4 b 2, inclruive
8/8 to 4, inclusive
114 to 2, inclusiveI

~see4*
* Time valuea cover dimnetemup ti 1 inch maximum.
a These valuea ●re for 3/16-inch diameter.
d For intirmediste diametere under 1 inch, the va!ue for the next smaller diameter ahali apply.
c Up to and including 1 inch only.
● Gmde W-1 rods may be machined b size from gnde W-1 khated Shb

21
k’,
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3.6.1 Physical requirement for all forms.

3.6.1.1 Warp or twist. The warp or twist
shall not exceed the values specified in ta-
ble XVII.

3.6.12 Punching quaiity. The grades of
material differ in their suitability for

punching, but any of the grades may be
punched in simple shapes and thin sizes,
provided good punching practice is used, in-
tluding sharp, close-clearance die% proper
stripper plates, and proper heating condi-
tions. When using good punching practice
as dutlined below, the various grades shall
punch satisfactorily in thickness up to and
including the thicknesses shown in table
XVIII. Where punching properties better
than those listed in table XVIII are required
for particular parts, this shall be specified
in the contract or purchase order. In good
punching practice, the edges of the pieceI( shall be not closer to the edge of the strip
than twice the thickness of the sheet, the
holes shall be not smaller in diameter than
the thickness of the sheet nor have comers,
and the distance between holes or betweenI

holes and edge of piece shall be not less
than the thickness of the sheet. For thicker
material~ depending upon the grade, heat-
ing the material to a temperature of 120°
to 140°C. (approximately 15 minutes for
material 1/8 inch in thickness) is generallY
necessary for best punching results, al-

1 though in grades XP or XPC this may make
the material too soft. In this case, better

! results may be obtained by heating at low-1

er temperatures or for a shorter time. IfI
! more than 2 minutes elapse between the
I time the strip leaves the heating medium

and the last piece is punched, results will
be poor.

I
I 3.6.2 Phy8ioal requirements for 8heeti.
1 Sheet material shall conform to the require-

ments as to physical and electrical proper-
ties specified in tables XIX through XXIII.

3.6.3 Ph~sicaJ requirements for tube8.
Tubes shall conform to the requirements

as to physid and electrical properties spec-
if ied in tables XXIV and XXV. For grades
G-3 and G-n see 6.3.1.

3.6.4 Physical requirement for rod8.
Molded rods shall conform to the require-
ments as to physical properties specified in
table XXVI. For grades MC and G-n see
6.3.2.

3.7 Chemical resistance. The resistan=
of the plastic to specified chemicals shall
be as specified in the contract or purchase
order (see 6.2 and 6.6).

3.8 Workability. When formed according
to the manufacturer’s instructions, the ma-
terial shall not fail mechanically nor devel-
op surface or inte.nal defects.

3.9 Workmamhip. The sheets, rwls, and
tubes shall be clean, well made, free of
cracks, scratches, surface irregularities%
separation of parts, or sharp edges which
affect the appearance or may affect the
serviceability. The quality shall meet the
requi. ements of section 4.

4. SAMPLING, INSPE~ON, AND
TEST PROCEDURES

4.1 Responsibility for inspection. U~esS
otherwise specified in the contract or pur-
chase order, the supplier is responsible for
the performance of all inspection require-
ments as specified herein. Except as other-
wise specifkl, the supplier may utilize his
own facilities or any comme cial laboratory
acceptable to the Government. The Gover-
nmentreserves the right to perform any of
the inspections set forth in the specificatim
where such inspections are deemed neces-
sary to assure that supplies and services
conform to prescribed requi~ements. ‘

42 Sampling for irtapeetion and test8.

SamDling for inspection and tests shall be
performed in accordance with the provi-
sions set forth in MIIJ-STD-105 except
where otherwise indicated. For purpos= of
8ampIing, an ins@on lot for ~~natj~
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I

and tests shall consist of all material of the
same type, grade, form, and thickness sub-
mitted at one time.

4.2,1 Inspection of materials and compo-
nents. In accordance with 4.1, the supplier
is responsible for insuring that material and
components used were manufactured, test-
ed, and inspected in accordance with the re-
quirements of referenced subsidiary speci-
fications and standards to the extent spec-
ified, or, if none, in accordance with this
specification. In the event of confAict, this
specification shaJl govern.

4.2.2 Inspection of the end item.

42.2.1 Examination of the end item. Ex-
amination of the end item shall be made for
defects in the applicable subpamgraphs at
inspection levels and acceptable quality lev-
els (AQLs ) set forth in 4.2.2.1.4. Th~ lot
size, for purposes of determining the saxn-
ple size in accordance with MILSTI3-105,
shall be expressed in units of sheets, rods,
or tubes of laminated thermosetting mate.
rials, as applicable, for examination in
4.24?.1.1, 4.2.2.1.2, and in units of shipping
containers for examination in 4.2.2.1.3.

4.2.2.1.1. Examhation of the end item
for defects in appearance and workmanship
of the laminated tkmmosetthzg materials.
The sample unit for this examination shall
be one sheet, tube, or rod.

‘Ex~rnine I Defeet

Appearance .Not uniform in texture.
and work- Ragged or rough side, edge, or end.
manahip Preeence of dim foreign matter, or

abrasives.
Any crack, break, blister, wrinkle,
scratch, dent, heat mark, void, or
resin poekeL

Any separation of lamination.
Piy or layer not as specified.
Not form specifie&

color ~olor not as spec~]ed, not uniform.

Finish {Not as specified, not uniform.

Opacity
\
[Not unif onn,

— -. . ---- .—. —— .

bP-so9a

4.2.2.1.2 Ezaminution of the end item for
defects in dimensions. The sample unit shd
be one sheet, one rod, or tube.

Examine

Sheets:
Manufacturer’s

standard sizes
between 36 ●nd
60 inches in
width and be-
tween S6 and
96 inches in
length

Smaller size
sheets

Thicknasal

Tubes:
Manufacturer’s
standard length
tubes (see
3.2.2.1)

Cut lengths

Diameter

Rods:
Manufacturer’s
standard length
rod

Cut lengths

Diameter

Defect

Length and width vanes by more
than & 1 inch from the stand-
●rd dimension,

Length and width varies by more
than tolerances specified in
table III.

Thickness variea by more than
& tolerances shown in table
IV, as applicable.

Length varies by more than & 1
inch from the standard length

Length varies by more than the
~ tolerances specified in table
VII.

Inside or outside diameters vary
by more than the & tolerances
shown in table IX, as applicable.

Average wall thickness varies by
more than the A tolerances
shown in tables X and XI, es
applicable,

Length varies by more than & 1
inch from the standard length,

Length varies by more than the
& tolerances specified in table
Xvx.

Diameter varies by more than ~
0.005 inch from nominal diam-
eter for rods of 1/8 to 2 inches
exclusive and by more than ~
0.008 inch for rods of 2 to 4
inchcs inclusive

~Ten thickness determinations randomly scattered
throughout the sheet shall be made. In order
to comply, at least 9 determinations shall be with-
in the specified tolerances and not more than 1
determination shall vary from the standard thick-
ness by more than 125 percent of the specified
tolerances (see 3.2.1.2).

~ Six determinations shall be made and the avera~
shall comp!y.

B

.
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4S.2.1.3 Examination of preparation for
delivery requirements. An examination shall
be made to determine that packaging, pack-
ing, and marking requirements of section 5
are complied with. Defects shall be scored
in accordance with the following lisk The
wimple unit shd be one shipping container
fully prepared for delivery with the ex-
ception that it need not be sealed. Defects
of closure listed shall be examined on ship-
ping containers fully prepared for delivery.
The lot size shall be the number of ship
ping containers in the end item inspection
lot.

Examine
Packaging

Packing

I

I
count

j Weight

I Markinga

Defect

umt package not packaged as speei=
fiwL

[rdividual uhee% not protected oa
both surfaces by a suitable paper.

Rod or tube not wrappd

Not level specified; not in accord-
ance with contract reqnirernen~

Any nonconforming component;
component missing, damaged, or
utherwiae defecthm tiaeeting acr7-
iceabtity.

Container not m specified; closures
not aeeompliahed by specified 01
required methods or materials.

Inadequate application of compo-
nents such as incomplete closure of
container flap; loose or inadequate
strapping.

Bulged or distorted container.
Material not separated by form, size,

and thick.nea%

Less than the specified or indicated
quantity.

Net weight ezceeds speeifkl re-
quirements.

Interior or exterior markings (as
applicable) omitted, illegible, in-
correct, incomplete,or not in 8e-
cordance with contract require-
ments. .1

4.2.2.1.4 hpecti,on leveh and AQL8 for
examination. The inspection levels for deter-
mining the sample size and the AQLs ex-

24
●

pressed in defects per 100 units shall be as
follows:

Examination Inspection
AQL

~Ph hvd—— —
42.2.1.1— 1 1.6
482212 S-2 2.5
&2a108 I S-2 I 4.0

MM Te&ing of the end item. The end
item shall be tested for the applicable char-
acteristics as indicated in table XXVII on
each lot preeented for examination. The
samp]e unit shall be 1 full 8heet but not
leas than 4 square feet, I full length rod but
not leas than 3 linear feet, one full length
tube but not less than 6 linear feet, as appli-
cable. The inspection level for determining
the sample size shaIl be S-1 except that not
less than 3 sample units shall be randomly
selected throughout the lot. The AQL shall
be 6.5, expressed in defects per 100 units.
The lot size shaIl be expressed in units of
sheets, rods, or tubes.

423.1 In other than Department of De-
fense agency procurernent&in lieu of test-
ing, and when specified by the pmcuri~
agency, (see 6.2) the supplier shall furnish
a certificate of compliance to the contracb
ing officer stating that the material and
items procured under this specification con-
form with all characteristic requirements of
table XXVII as applicable. The certificah
shall be furnished with each order or ship-
ment, as specified, and shall be accompanied
by verifiable test data or copies of the sup
plier’s quality control records in the num-
ber specified, covering the 10* or batch of
material being procured. In addition, the
material covered by the certification shall
not have been produced prior to one month
from the date of certification and the date
of production shall be stated on the certifi-
cate of compliance. This procedure should
only be employed in contracts or purchases
wherein the lot is less than 50 sheets, rods,
or tubes.

‘d
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Characteristic

Punching quality (as applicable) ,...
Physical tests for sheets

Flexural strength (as applicable)
Lengthwise . . . . . . . . . . . . . . . . . . . . . . .

Crosswise . . . ..0 . . . . . ..0 . . . ...0..0

Impact strength (as applicable)
Lengthwise . . . . . . . . . . . . . . . . . . . . . . .

Crownvise . . . . . . . . . . . . . . . . . . . . . . . .

Bonding etrength (as applicable)
Condition .’. . . . . . . . . . . . . . . . . . . . .
Condition D48/50 . . . . . . . . . . . . . . . .

Dielectric constant (as applicable)
Condition D48z50 . . . . . . . . . . . . . . . .
Condition D24/23 . . ● . ● ● ● , . ● .,* . .
Condition A . . . . . . . . . . . . . . . . . . . . . .

Dissipation factor (as applicable)
Condition D48/50 . . . . . . . . . . . . . . . .
Condition D24/23 . . . . . . . . . . . . . . ● ,
Condition A . . . . . . . . . . . . . . . . . . . . . .

Dielectric strength (as~ applicable)
Condition . . . . . . . . . . . . . . . . . . . . . .
Condition D48/60 . . . ● . . . ● . . . . . . ● a

Are resistance (as applicable)
Condition A or condition D48i50 .,

Water absorption (as applicable) . . .
Warp or twist . . . . . . . . . . . . . . . . . . . . .

Physical test for tubes (rolledor
molded as applicable)
Specific gravity (rolled) . . . . . . . . .
Specific gravity (molded) ● . . . . ...!

Compressive strength (axial)
(as applicable) (rolled) ● . . . . . . .

(molded) ● . . . . . . , ● . . ● . . . . . . .,,. ●

Water absorption [as applicable)
(rolled) . . . . . . . . . . . . . . . . . . . . . . . .
(molded) ● *. *.****.*. . **.....**.

Dielectric stren~h (unapplicable)
(roiled ) ● .***.****., . . **......,*
(molded) ● ..**..*.**. ., ***.*,.**

warp or twist ● .***....,.. . . . . . . . .
Phyeical tests for rod9

Water absorption (as ●pplicable) .
Specific gravity (as applicable) . .
Flexural strength (as applicable) .
Compressive strength (a9

applicable) . . . . . . . . . . . . . . . . . . . . .
Warp or twist . . . . . . . . . . . . . . . . . . . .

Chemical resistance (to different
.

chemwals) all forms . . . . . . . . . . . .

Workability, all forms . . . . . . . . . . . .

Specification reference

kquirement

.6.192

Fable XIX

rable XIX

rable XX

rable XX

rable XX
rable XX

hble XXI
rable XXI
rable XXI

rable XXI
hble XXI
rable XXI

Table XXTI
rddp Xxll

Table XXIl
Table XXII
3.6.101

Table XXIV
Table XXV

‘t’able XXYV
Table XXV

Table XXIV
Table XXV

Table XX~
Table XXV
8.6.1.1

Table XXV
Table XXV
Table XXV

Table XXV
S.6.1.1

%7

‘eat method

.6.L2

‘ables XXIX
and XXX
;ables XXIX
and XXX

Pablo XXIX

Fable XXIX

rable XXIX
rable XXIX

rable XXIX
l’able XXIX
rable XXIX

I’able XXIX
rable XXIX
I’able XXIX

X’ableXXIX
r’able XIHX

l’able XXIX
Table XXIX
TableXXIX

TableXXX]
TableXXX]

TableXXX]
Table XXXI

Table XXXI
Table XXXI

Table XXX]
Table XXX]
Table XXXl

Table XXXI
Table XXX1
Table XXX]

Table XXX]
Table XXXl

.Aa s~”fk

I in contrac
3.8 3.8

Number
determinations

per sample
unit

iverage of 4

llverage of 4

Average of 4

kverage of 4

Average of 4
Average of 4

Average of 2
Average of 2
Average of 2

Average of 2
Average of 2
Average of 2

Average of 4
~.v~~ge of ~

Average of 3
Average of 9

1

Average of 2
Average of 2

Average of 4
Average of 4

Average of 3
Average of 3

Average of $
Average of 8

1

Average of 8
Average of 2
Average of 4

Average of 4
1

1 for each
chemical

1

Results reported aa
-—
Pass

m fail~

‘x—

-

—

-

-
-
-

-

-
-
-

—

—

...—
Numerically
to nearesta

—

100 psi.

100 psi

D.ol ftAbJ
inch

D.1 ftm-Ib./
inch

pound
pound

0.01
0.01
0.01

0.001
0.001
0.001

0.1 Kv
0.1 KV

aec
001 pereant
Odl percent

0.01
0.01

psi.
pd.

0.1 percent
0.1 percent

volt/rnil.
Volt/miL
0.01 percent

!0.01 peroen4
0.01
100 p.a&

100 psi.

‘1

0.01 pement

lK, -

1x–

‘-l

I

2s
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TABLE XXYII. In#mctio~ for testingz (coni’d)

~Requirements applicable to individual unit.
~ lf f~ilure is ]ndicated, report description of faihxr’r%
$ Test reDorts shd include all values on which resu]ts were based.. . . .
$ This test tO he preceded by one test by short tiMC

of tah?c XXIX).
method to establish sWW’W Toltage (ace note Q

TABLE XXVIII. Conditioning time
tolt’ranres

Condifionifi&t ! Coding I
M Test methods

Condition
‘Ti=
toler-
ance

——
Time I

Time

II
toler-

I Remarks

anca —.—
— =0 hr~ Cool in16 hr.

4.3s Cond)t ioning. The test specimens
shall be conditioned at 2$0 * 1.1’C. (73.5A
Z“F.) and 50 * 4 percent reiative ht~mid-
it::, in accordance with the requirements
of Fed. Test Metksd Std. No. 406, unless
other cOnditiOns :’: e ~peci f ied ~n this Speci.

~i,’;~tjox) (;J in ti~~ test ]-.~c~hod.

E+50 -0 hr.
-2 hr. desiccator.

Start test
within 1/2
hour after

‘ rcmoviEg
II I specimen
! I from

or
moreI

I
I

i d,”siccator.
~--0 hr.
I +2 hr.

II

i
/
I
I

Cordhy im-
mersion in
a suffi-
cient
quantity
of ~i~ti]]~
v 5$P? :0
~e(luce the
tempera-
ture to
23”C.
within 1
hour. Re-
move indi-
vidually as
needed,

-O hr.D-48/so
D-24,’23

E-1/loti

D1-24/23

1 hr.I
,.%! ,. ... ::e* .*Iq sI1311 indjcatc the./-: .-”1- -~ I-L+

grmer:~; :: ,*~diticn Of the specimen, that is,
A !zr nu sntcia~ con~itioning, C for nigh hu-
. , ,~j~y~,~ll[]:!~llllj~q D for ~mmersion condi-t-,,~
-..-.IAing j!. (ins:.i:i’”!‘.’’er,er, ~nd E for high
tempemture cond;tir~n;ng. A capita] ]etter
fn!iowed by ar ]nierior, as D1, shal! indicate
tl lilt a prior temperat~re conditioning has
b(~encarried oIjt,

(2) Following ihe capital letter, a dash
ft,llcwe{l by a number indicating in houm
the d:lrat,!nn cf the conditioning.

~~~ ~Po:<cl.;ingthe num~er of hourg of
cL:xlit)w:ng. a :Jant mark follwed by a
i,uxnber imiicatirw in degrees centigrade the
wnli jiioning temperature.

(4) Fo!!mying the conditioning temper-
ature, anotk =.r sl:mt mark followed by a

number indicating relati~w humidjty in per-
cw}t., whenever reiative humidity is con-

tl”cll;’xi,

“l/Z hr.

I

I
I
I

I ‘ and wipeI

1

surf ace
water off
w’ith a

I cloth.
‘ Start test

I
within 1
minute
after r+
moving
specimen
from
water.

-O hr. See water
●bsorption
tf”st.

~See water
I absorption
I teat.

!#

I
I

I
-0 min. I
-6 min. ~

2 hr.
or

\ more
-() hr. I --
+1 Yhr.
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4.3.1.3 Temperature tolerances. Toler-
ances on the conditioning temperature shall

be as follows:

NominaI temperature Tolerance, plus or mi~w
Deg?’eu canti~rado— ‘Degrees csntigrudu—

23 \ 2
35 1
50 2

105 ! 2

u’ ‘ TABLEXXVIII. Conditioning time
tolerance8 (cent’d)

Conditioning
‘Tim~

to\er-
ance

=h~
+2 hr.

‘Ti~
toler-
anee

Remarks
TimeCondition

G96/35/90 Tests after
humidity
condition-
ing shail
be made
on speci-
mens in
the hu-
midity
chamber.

4.3.1.4 Humidity to&rance8, Tolerance on
the nominal relative humidity of 90 percent
shall be A 2 percenL

4.3.2 fifcthods of testing sheets. The prop
erties of sheets shall be determined as spec-
ified in tables ~XIX and X~~.

I

I
TABLEXXIX. Te8t method number md size of specimens required for tests on

sheets
Test

method
No.

io31—
1

1071

1111

7031

4031
a

4021
6

4oll@
(7)

6051

Number
Property of test

6pecimens*
~LW—

4 Cw
4 LW
4 Cw

4
4

9

14

4

2

2

3
1

1
.—

Condition Size

See table XXX.fiuural strength
(tested flatwise)

Irnpaet strength
(teated edgewise)

A

E-48/50 !-1/2 by 1/2 by thickness, notche& Built
up to 1/2 inch thickness (PIUS or minus
standard tolerance for grade ), or machined
down to a thickness of .500 ~ 0.005 inch
from thicker sheets.

Bonding strength k
D-48/50 1 by 1 by 1/2 inch (plus or minus standard

tolerance for grade), or machined to a
thickness of 0.500 & 0.006 inch from thicker
sheets.

3 by 1 inch by thickness.
I
I

1

Water absorption E-1/105
followed by
D-24128

A and
D+50

Dielectric strength
parallel to laminations,
step-by-step

Dissipation factor and
dielectric constant at
1 Snc.

3 by 2 inches by thik

See method N~ 402LA

D-24/23 or
D-48/50

A
A

/l
Arc raaistanee

Dimensions
(length, width md
thickness)

Warp or Mat

3 by 2 inches by thickness.
Full-size sheet or cut piate.

I

A Full-size sheet.

1 Specimens shall conform to the reaui rements for size given in table XXX. For paper-base and fabric-
base grades over 1 Jnch in nominal thickness, the specimens shall be machined on both UIJrfaces to a
thickness of 1 inch. For glass-base and nylon-be grades, specimens over 1/2 inch nominal thick-
ness shall be machined on both surfaces to a thickness of 1/2 inch. The span length and speed of
test shall be as specified in table XXX.

$ LW means cut lengthwise and CW means cut croaswi~
$ The tist specimens shall be 2 by 9 inches by the thickness of the material. Amerkan Standard tapered

● 27

i

,

I

I

1

i
I
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pins (Morse, Brown & Sharp, or Pratt & Whitney pins ●re suitablo for this purpose)havinga tapm
of 1/4 inch per foot shall be used, For specimen thicknesses up to 1/2 inch inclusive, No. 3 Ameri-
can Standard tapered pins 3 inches long and hav. ng ● diameter at the large end of 7/32 inch shall
be used. Two 8/lHnchdiame* hok shali be drilled, centrally hxated 1 inch apart, center to
center, ●nd perpendicular to the faces of the spe:imen. The bok shall be reamed to a sufficient
depth to allow the pins to extend approximately 1-1 2 inches from the small end of the hol~ F’or spaci-
mon thicknesses over 1/2 inch up to 2 inches, in :lusive, No. 4 American Standard tapered pine 4
inches long and having a diarmtar at the large eml of 1/4 inch shall be used. Two 8/16-inchdam-
eter holes shall be drilled, centraliy located 1 inch apa~ center to center, snd perpendicular to faces
of the specimen. The holes shall he rearned to a sutfjc~ent depth to alAow the pins to extend ap
proximately 1 inch from the small end Of the hol~ The electrodes shall he inserted after condition-
ing of the specimen. Spheres1/2 inch in diametm placed on the extremities of the tapered pins wUl
&crease the tendency to flaahover. Tests shall b: made in accordance with the short-time and step
by-step methods of method No. 4021, one specimen only being tested for the short-term method
in order to establish ● basis for initial -voltage of the step-by-step tes~

4 One test by the short-time method is raquired to establish the starting voltage for the step-by-step test.
5 The specimens shail be rectangular samples sawed from the sheets and shall be of the following -’:

Thickness Size of specimen
inch Inch

Up to 3/64, inclusive 2by2
Over 3/64 to 3/32, inclusive 8by8
Over 3/32 to 1/4, inclusive 4by4
Over 1/4 to 2, inchive 4by8

The electrodes shall cover both sides of the ahjet and shall consist of silver paint spmyed or
painted on, or of metal foil held in place by a thin layer of petrolatum. When the same speci-
men is used for condition A and after immersion in water, and metal-foil electrodes are used,
they shall be removed and the petrolatum cleaned off with a suitable solvent before immemion.
Teats shall be made in ●ccordance with method No. 4021 using a suitable bridge method, namely, hn-
pedance-bridge circui~ resonant-circuit resistance-variation method, or resonant-circuit resonanee-riss
method, measurement to be made at frequency of 1 megacycle.

CGrades MC, G-S, G-6, and G-7 only. - -
? The length and width of sheets shall be determined

terrnined by using ● machinist’s micrometer and
spindle surfaces 0.260 3 0.001 inch in diameter.

a See 4=3.L

by means of a steel scal~ Thickness #hall be de-
witb a vernier reading to 0.001 inch and anvil aad

TABLE XXX. Dirnemions of fZcxurai
8trength (tested f lutwise) test specimen

and speed of test
Nominal Width , Length
specimen
thickness

. ..—

of
Specimen

Inch

1/32
1/16
8/32
1/8
8116
1/4
S/8
1/2
8/4
1

1Thio 8pan-depth rat

htoh

1
1
1
1
1/2
1/2
1/2
1/2
8/4
1

of
Ipecimen

Inch

2-1/2
3
8-1/2
4
6
a
8

10
14
18

span

Inch

6/31
1
1-1/2
2
8
4
6
8

12
16

w
of

test

_i’&i—

mia
(J.oq6

.026

.040

.053-
0080
.1(NJ
.160
0213
320
.426

order to give ckamnce between moving beadand
specimensupports.

4.3.3 Jlfethod8 of testing tubes. me P~P-
erties of tubes shall be determined as S-
Jfied in table X&!!.

4.3.4 Met~od.? of testing rods. The prop
erties of rods shall be
fied in table XXXII.

determined as qwci-

“d’
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TABLE ~~~1. Test method, mmtber, and
size 0/ 8pccin2ens required for trots on tube3

Property

specific
gravity

Test
method

No.

5011 or
60L2

Water & I 7031
sorption I

t

I
I

i

,

I

I

i

I

,

‘w.

Compressive
strength,
●xial

Ilielectric
strwwth

P-n-
dicular to
laminations,

“Dissipation
fartor and
dielectric
constant

.Arc resi8t-
ancel

‘Dimensions,
warp or
twist

.
1 Grade G-6, only.

Num-
ber
of

speci-
mexm
-24–

8

4

8

2

8

-

Condi-
tion

A

E-1/105
an(i
D-24/23

A

A

k

A

A

size

1 inch long
Uptos
inches
I. D.;1/2
by 2
inches cat
from wall
over 3
hwhea
I.D.

1 inch kmg
Up toa
inches
I.D.: 1 by
3 inches
cut from
wail over
3 inches
I.D.

I inch long.

12 inches
long.

4 inchee
long.

2 inches
long.

Any length
or diam-

eter.
.—

YSThe inner ●lectrode shall consist of ● brass d, 3
inches in length; with edges rounded to ● l/4-
inch radius, ●nd of ~ch diametar that it fitJ
snugly inside the tube to be tested. The outereiec-
trode shall consist of a strip of metal foil 2-1/2
!ncbes in width ●nd lon~ enough to extend around
the circumference of the tube.

* The apparatus I@@ include a horizontal fiat sur-
face and a rigid bar with a vertically plane tmr-
face firmly fixed at right angkz to the fiat sur-
face both being at least as long as the specimen.
The height of the bar shall exceed half the diam.
etcr of the tube. Feeler gages of suitable thick-
ness will ah be reqwcd. The specimen shall be

~P-509a

placed on the horizontal flat surface ●nd rotated
.ajrainst the vertically plane surface of therigid
bar. With the tube in contact with the vertical
piane tturface at two points in the tube length,
measure, with the ●id of feeler gages, the maxi-
mum separation of tube surface fmm vertical
plane surface occurring between the contact
points. Measurement shall be made to the near-
est 0.001 inch. Length of tube between contact
points shaii be measured to the nearest 1132
inch.

4One specimen shall be cut from one side of the
tube and the other from the aide of the tuba
directly opposite

TABLEXXXII. Test method, number and
she of specimens required for tests on rods

Property

Flexural
strength

Compres-
sive
strength,
axiai

Specific
gravity

Water
●bsorption

Arc resist-
ance

Ditnetwiottq
warp or

twist

Test
M(,thod

No.

10313

1021S

5011or
6012

7081

4011

60614

Nurn
bcr
of

Bpeci
mena

4

4

2s

8

8

-

Condi-
iton

k

k

k

E-I/105
●d
D-24/23

A

A

size

j incheslong,

1/2 inch long
for 118 to
1 Q inch
diameter,
inclusive. 1
inch long
wcr 1/2
inch diam-
eter,

1 inch long
up to 1 inch
diameter,
inclusive.
1/2 inch
long over
1 inch
diameter.

1 inch long
for diame-
ters up to
●nd includ-
ing 1 inch
1 ~ inch
long for

iarger diam-
etirw

2 ineheg long.

Any length
or diimeter.

1 Grade G-!!only.
~ Each specimen shall be tested se ● simple beam

loaded at the center. The supports ahdl havo
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contact edges rounded to a radius of 1/8 inch.
The distance between the points of support shall
be 4 inches when the diameM of rod is 1/2 inch
or over. For smmller rods, the distance between
SUPPO* shall be eight thee the diameter of
the ro& The load shall be spplied through a
steel block having a semi-circular contact edge
of the same radiua as the rod with edges rounded
to s radfus of 1/8 inch.

The maximum fiber stre8s, p.s.i., shall hS ed-
culated fromthe followtig formula:

Where:

S - maximum fiber stress.
W s breaking load h pound~
L -- distance between supports in incht8.
d == diameter in inches.

$For ~ 1P to 1-1/2 inches in diameter, the tCSt

specitnen shall have a diameter equal to the
diameter of the rod and length conforming to
the following requiremen~:

Diameter Length —

lneh Inch
1/S to 1/4, hw}uaive . . . . . 1/2
krl#4tol”l.fl ● ****** ~

For rode over 1-1/2 inches in diametar, speci-
mens ~1 be l-inch cubes cut from the rods so
●s w be represen~tive of its cross-aecthm both
●t tbe center and near the ed~

t See footnote 3 to table XXXX.
s One s~i~n S~I] be cut from OIW sidt d the

tube and. the other from the side of the tube
directly opposit-

5. PREPARATION FOR DELIVERY

For civil agency procurernen~ the defini-
tions and application of levels of packaging
and packing shall be in accordance with
Fed. Std. No. 102.

5.I Packaging. Packaging shall be level
A or C, as specified (see 6=2).

S.LI Level A. Each laminated plastic
ahee~ rod, or tube shall be completely
wrapped or individually interleaved with
30-pound minimum basis weight kraft pa-
per conforming to grade B of UU-P-266.

5S.2 Level C. Each laminated plastic
shee~ rod, or tube shall be packaged in ac-
cordance with the industry’s practice.

5.2 Packing. Packing shall be level A, B,
or C, as specified (see &2)..

5.2.1 Level A. Laminated plastic of one
type, grade, form, size, thickness or diwn-
eter, finish, and color only, packaged as
specified in 5.1, shall be packed in a snug-
fitting shipping container conforming to
overseas type of PPP-B-601. The inside of
each shipping container shall be fitted with
a taped, onepiece, double-faced, corrugated
liner and top and bottom pads having a mini-
mum bursting strength of 275 pounds per
square inch (p.s. i.) conforming to PPp-B-
636. Each shipping container shall be IWO-
vided with a case liner conforming to type
I or II, grade C of MIL-IJ547. The case
liner shall be placed between the corru-
gated liner and the inner surfaces of the
container. Each shipping container shall be
closed and reinforced with flat steel strap-
ping in accordance with the appendix of the
container specification. The weight of the
contents of each shipping container shall
not exceed 150 pounds, except that single
fu~~~i~”weighing mm !5!) pOUSdS QAI] b

packed one to a shippifig contain-.

5.2.2 Levet B. Laminated plastic *f one
type, grade, fore, size, thickness or diam-
eter, finish, and color only, packagd as
specified in 5.1, shall be packed in a snug-
fitting shipping container conforming to do-
mestic type, style A or B of PPP-B-601. The
inside of each shipping container shall be
fitted with a taped, one-piece, double-faced
corrugated liner and top and bottom pads
having a minimum bursting strength of 275
p.s.i. conforming to PPP-B-636. The weight
of the contents of each shipping container
shall not exceed 150 pounti, except that
single forms weighing over 150 pounds shall
be packed one to a shipping container.

5.2.3 Level C. Laminated plastic shee~
rods, or tubes, packaged as specified in 5.1,
shall be packed in a manner to insure car-
rier acceptance and safe delivery at destina-
tion at the lowest transportation rate for
such SupplieSoContainers shall be in accord-

80
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(

ante with rules
applicable to the

5.3 Marking.

or regulations of carriers
mode of transportation.

53.1 Civil a~encies. In addition to any SP
cial marldng required by the contract or
order, shipping containers shall be marked
in accordance with Fed. Std. No. 123.

5.3.2 Militaw u#encies. In addition to any
special marking required by the contract or
order, shipping containers shall be marked
in accordance with MIIATD-Mfh

6. NOTES .

6.1 Intended use The laminated
setting sheets, rods, or tubes arc
described under “Characteristics”
ble I).

thermo-
used as
(see ta-

6.2 Ordering data. Purchasers should ex-
ercise any desired options offered he:ein
and procurement documents should specify
the following:

(a.)

(b)

(c)

(d)

(e)

(f)

Title, number, and date of this spec-
ification.

Type, grade, and forms required (see
1.2.1)0

Color, finish, and chemical resistance
required (see 1.2.z and 3.7).

Dimensions and tolerance required
(see 3.2).

Whether certificate of compliance is
required in lieu of testing (for oth-
er than Department of Defense
procurement on]y). Number of cop-
ies of supplier’s quality control rec-
ords (see 4.2.3.1).

Selection of applicable levels of pack-
ing and packaging (see 6.1 and 5.2),

6.3 Tubes and rodao “

6.3.1 Tube8. Tubes are made of lamina-
tions of fibrous sheet impregnated material,
rolled upon mandrels under tension or be-
tween heated pressure rolls, or both. They
are of two forms, rolled and molded. Roiled
tubes are oven-baked after rolling on the

bP-509a “

mandrels. Information is currently not avail-
able for grades G-3 and G-11 of this form

(see 3.63). Molded tubes are cured in molds
under heat and pressure. Information is
currently not available for grades MC and
G-n of this form (see 3.6.1.1 and 3.6.4).

6.3.2 Roti. Molded rods are composed of
laminations of impregnated sheet material
molded in cylindrical molds under heat and
pressure, an~ then ground to size. Molded
rods are made by winding the impregnated
sheet convolutely before molding or by
fomning strips in the molding opemtion. In- .
formation is currently not available for
grades MC and G-n of this form (see
3.6.1.1 and 3.6.4). Machined rods are not
covered by this specification, except for
grade Iv-l rods which may be machined
from grade W-1 laminated sheet.

6.4 Finish-

6.4.1 G~outt~ fk~s~. Ground finish is ap.
plied by a fine grinding wheel or belt, is
free from any pronounced scratches, and is
suitable for a majority of applications.

6.42 Buffed finish. Buffed finish is some-
what more glossy than the ground finish
and is obtained by buffing the tube or rod
following grinding, using a touch of shellac
or other polishing compound on the buffer.

6.4.3 Varnkh finished. Sheets, tubes, or
rods which have been finished by coatings
with a varnish or Iacquer are not covered by
this specification except for grades W-1 and
W-2 (see 6.2).

6.5.1 Natu~L Natural color is prodtwed
by the natural undyed paper, veneer, or f ab-
ric and the resin used. Woven glass-base
grades contain streaks due to differential
coloration of various warp or filler threads
under heabtreating conditions. The natural
color of the phenolic material will vary from
a light tan to a light brown or reddish brown.
The color of the glass-base melamine mate-
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rials wiIl vary from light gray to a tan col-
or. That of the glass-base silicone material
will be from white to cream.

6.5.2 BZack. Black colored sheets have
substantially uniform black surfaces and a
black body. Sawed, sanded, and rn~chined
surfaces of sheets, and ground surfaces of
tubes, show a slight grayish black ting~
Sawed, sanded, machined, and ground sur-
faces and edges of some cotton fabric-base
grades and of asbestos paper-base materials
show a decided grayish black tinge.

6.5.3 ChocoZate. Chocolate colored sheets
have a uniform dark brown or chocoiate col-
or surface with natural core.

6.5.4 Other, Ex@rience has shown that
colors other than those mentioned have in-
gredients which prevent laminated products
from meeting the specified standard elec-
trical or mechanical performance values.
Even black and chocolate colors affect elec-
trical characteristics. For instance, the
standard color for grade XXXP is “natural”
only, because the presence of any dye or
pigment would impair its electrical qualiti=

6.6 Chemical resistance:

Effect of acids. Ail grades except
grade G5 are resistant to dilute
solutions of most acids.

Effect of alkalies. Not recommended
for use in alkaline solutions erxcept
melamine grade G-5 which is resist-
ant to dilute alkaline solutions.

Effect of solvents. Unaffected by
most organic solvents except acetone
which may aoften the punching stock
grades. Benzene and toluene may af-
fect silicone grades G-6 and G?.

6.7 The types. ~adeat and f~~s of lam-
inated thermmetting materials covered “in
this specification contain the latest equiva-
lent information fpr the types, gmdes, and
forms listed in the following specifications
and part of the information listed in MIL
P-78A dated August SO, 1!)50.

Specifieatio* Date
MILP-79C June 15, 1961
MI~P-997C June 29, 1961
MILP-3115 June 28, 1961
MILP-8059A January 7, 1960
MIL-P-15035C January 10, 1952
MIL-P-0015037D June 28, 1963
IWL-P-15047B April 17, 1952
h!HL-P-18177C December 15, 1961
MILP-22324A April 3, 1962

6.8 Transportation description. Transpor-
tation descriptions and minimum weights
applicable to this commodity are:

Rail:

Laminated plastics in
tubes.
Carload minimum

pounds.

Motor:

rods, sheets or

weight 30,000

Plastic articles, not otherwise indexed,
rods. sheets or tubes.
Truckload minimum weights 10,000

16,000, 21,000 and 30.000 pounds,
subject to Itule 115, National hlo-
tor I?reight Classification.

MIL~ARY CUSTODIANS:

Army-GL
Navy+H
Air Forc~9

Military Interested Activities:

Review:

Army4b EIq MR MU
Air Force-69

Ulwr:

Navy&R WP, MC

Revie\ver and user information is current
as of the date of this document. For future
coordination of changes to this documatt
draft circulation should be based on the in-
formation in the current Fedeml Supply
Classification Listing of DOD Standardti-
tion I)ocumenti.
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